~" Epidermoid cysts are tumors familiar to neurosurgeons, but intramedullary epidermoid cysts are rare. The authors report the case of a 6-year-old girl presenting with progressive paraparesis. A midthoracic intramedullary mass was revealed on myelography and magnetic resonance (MR) imaging and confirmed as an intramedullary epidermoid cyst at surgery, at which time the cyst was removed. This is the fourth report documenting a purely intramedullary epidermoid cyst occurring in a child. The pathology and etiology, epidemiology, clinical features, radiology (including MR image characteristics), and surgical treatment of such rare intramedullary benign tumors are discussed. Magnetic resonance imaging reduces the delay in diagnosis of spinal cord tumors but should be guided by clinical judgment.
PIDERMOID cysts are a frequently occurring subgroup of congenital tumors. In a series of adult patients, cranial sites outweighed spinal sites by 14:1. ~ In adults, the incidence of true epidermoid cysts within the spinal canal represents less than 1% of all intraspinal tumors. In children, this incidence is higher. However, most intraspinal epidermoid cysts are subdural and extramedullary, and they are rarely found within the spinal cord. We review the literature regarding intramedullary epidermoid cysts and present the case of a child with an intramedullary epidermoid cyst in the thoracic region that was evaluated by magnetic resonance (MR) imaging.
Case Report
This 6-year-old girl was referred to our hospital with a 6-month history of progressive paraparesis that began with a left drop foot and then extended to both legs. There were no sensory complaints. For a few months, there had been nocturnal enuresis.
Examination. On examination, the patient's skin over the thoracic and lumbar regions appeared normal. Neurological examination revealed hyperactive reflexes and spasticity of the lower extremities. Bilateral Babinski responses were elicited. The muscle strength in the legs was diminished, especially distally and more on the left side than the right. No definite sensory level was found. A sense of position and vibratory sensations were preserved. The anal reflex was normal; however, superficial abdominal reflexes were lost. The patient was not able to walk without support. Investigation at the referring hospital included computerized tomography and MR imaging of the spine below T-6 that were interpreted as normal. At our institution, plain x-ray films of the spine were normal. Myelography disclosed a fusiform enlargement of the thoracic cord extending from T-4 to T-6, forming an incomplete block (Fig. 1 left) . Magnetic resonance imaging using a 1.5-tesla superconductive imager demonstrated focal fusiform enlargement of the thoracic cord at T-5 and T-6. Sagittal T~-weighted MR images clearly showed an intramedullary oval area of hypointensity at the T-5 level. This area exhibited high intensity on the Tz-weighted sequence (Fig. 1 right) . The cord above and below this cavity tapered down to a normal diameter and did not show signal abnormality. Axial Tt-weighted images showed an enlarged transverse diameter of the cord with a central cavity containing heterogeneous material and surrounded by a thin rim of normal signal intensity. Somatosensory evoked potentials to stimulation of the common peroneal nerve disclosed an absence of both spine and scalp responses. Urodynamic tests showed a neurogenic bladder. 
Operation.
A laminectomy was performed and no evidence of dysraphism, such as a dermal sinus, was found. When the dura was opened, the cord appeared puffed and slightly twisted over a 3-cm segment. Under the operating microscope, the posterior median raphe was obliterated and the midline was identified at the midpoint between the dorsal root entry zones. A 1.5-cm myelotomy centered over the lesion was performed. Immediately beneath the surface was an avascular mass lying completely within the substance of the cord. Pia traction sutures were used to open the myelotomy incision and expose the intramedullary tumor. The mass consisted of a white, waxy, and flaky material, with no apparent skin appendages. The tumor was gradually and completely removed (Fig. 2) , decompressing the cord. After decompression, there was light seepage of cerebrospinal fluid from a small orifice in the capsule at the medial and rostral end of the lesion. The upper two-thirds of the capsule was disengaged from the medullary parenchyma without difficulty; the lower third was intimately adherent and thus left in place. Care was taken to prevent widespread subarachnoid dissemination of the cyst contents.
Pathological Examination. Sections of the cyst specimen were embedded in paraffin and stained with hematoxylin-phloxine-saffron. Microscopic examination revealed a typical epidermal inclusion cyst composed of a cavity filled with keratin and lined by squamous epithelium with a distinct granular layer, as well as a few foreign-body giant cells (Fig. 3 ). There was no evidence of dermal, ependymal, enteric, or other cellular elements. Immunohistological staining via the avidin-biotin technique using anticytokeratin* confirmed the squamous nature of the epithelium.
Postoperative Course. The immediate postoperative course was uneventful, with improvement of the patient's neurological status. No chemical meningitis was clinically recognized and prophylactic steroids were slowly tapered off. The patient was discharged 14 days after surgery, walking without support. By her 2-month follow-up visit, she had returned to the full activities of a normal 6-year-old child. On examination, the lower extremities showed restored muscle strength and residual pyramidal signs. There was no sensory deficit. Urodynamic tests showed a slightly improved bladder capacity; bladder spasticity was easily controlled with antieholinergic therapy. Sagittal T~-weighted MR images of the thoracic cord were normal (Fig. 4 ).
D i s c u s s i o n

Pathology and Etiology
Epidermoid cysts are lined by stratified squamous epithelium supported by an outer layer of collagenous tissue. Progressive desquamation and breakdown of keratin from the epithelial lining toward the interior of the cyst produce a soft white material, rich in cholesterol crystals, and often described as waxy and forming concentric lamellae. 29 The growth rate approximates that of normal skin, in contrast to the much increased growth rate found in most neoplasms) Malignant change, producing a locally invasive carcinoma, has been documented but is rare.
Biochemical analysis of the cyst material shows considerable fat but negligible cholesterol. 24 Free fatty acids and cholesterol can be carried into the mass by inflammatory cells in response to necrosis of the degenerating * Ingrain-Bell K-3360 anticytokeratin manufactured by Immunon Lipshaw, Detroit, Michigan. squamous ce|ls. 24 The escape of epidermoid-cyst contents into the suharachnoid space may produce a granulomatous or chemical meningitis attributed to the release of fatty acids and/or cholesterol.
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Dermoid and epidermoid cysts are classified as congenital tumors; however, the pathogenesis of spinal epidermoid cysts can be divided into two groups: congenital or acquired. These groups differ in terms of segmental distribution, associated anomalies, and clinical presentation. of skin fragmentsJ 7"24"32 Van Gilder and Schwartz 3" described an animal model in which epidermoid and dermoid cysts were produced in rats by direct skin homograft implantation along the neuraxis. It is generally believed that a congenital epidermoid cyst originates from displaced ectoderm inclusions arising in early fetal life and possibly associated with defective closure of the neural tube. *~ In this regard, we note that in our case the cyst was found in close proximity to the ependymal canal. Intramedullary epidermoid cysts may be discovered in patients with a history of lumbar puncture, although this is thought to be coincidentalY ~* A history of trauma as the cause of symptoms that could later be imputed to the presence of an intraspinal epidermoid cyst is reported by many authors. 1,]4.26
Considerable confusion between dermoid and epiderrnoid cysts has existed since the nomenclature of "tumeurs perl6es" was suggested by Cruveilhie? in 1829 (Fig. 5) . Nowadays, these two tumors should be differentiated according to their histological appearance. In the literature of the past 50 years, epidermoid and dermoid cysts have often been reported together as a group. 7'~s:6"~8'z5 Frequently, in dermoid cysts, only a small portion of the tumor capsule harbors skin appendages; this portion may be left in place at surgery, resulting in a dermoid cyst being mistaken for an epidermoid cyst. 2~
Epidemiology
The incidence of epiderrnoid cysts among intracranial tumors in most large series is estimated at 0.2% to 1%; in the spinal canal, this incidence is even less. z4 Guidetti and GagliardP s reported a series of 3844 intracranial and 452 intraspinal tumors in patients of all ages; they found an incidence of 0.8% for cranial epidermoid cysts and 0.7% for spinal epidermoid cysts. Lombardi and Passerini 2' found five dermoid cysts 2%) were dermoid cysts and eight (1.2%) were epidermoid cysts. Therefore, in the 1479 intraspinal tumors reported in these three series of patients of all ages, the incidence of true intraspinal epidermoid cysts was 0.9%. Intraspinal tumors are rare in infancy and childhood, but spinal epidermoid and dermoid cysts occur more frequently in this age group. 7,12,15.16,18,25,28 The occurrence of intramedullary epidermoid cysts in childhood is less than might be expected considering the higher incidence of intraspinal epidermoid cysts in this age group. We found published reports of only three cases of purely intramedullary epidermoid cysts (that is, cysts not associated with a dermal sinus ~8 or an extramedullary extension 36,27.-'9) in children under 18 years of age. 8't9'3~ Our case is the fourth. Except for tumors associated with a dermal sinus, intramedullary epidermoid cysts are very slow-growing tumors, usually becoming apparent after the 2nd decade of life.
R e v i e w o f the L i t e r a l u r e
Chiari, in 1883, was the first to describe an intramedullary epidermoid cyst. In 1934, Gross ~3 reported the first successful surgical treatment of an intramedullary epidermoid cyst. A summary of all cases of intramedullary epidermoid cyst reported to date is presented in 35 Guidetti ~4 mentioned one case but gave no details, so that case was excluded. The case of Trachtenberg (reported by Gross 13) was not included because there were multiple subarachnoidal epidermoid cysts associated with a dermoid cyst of the conus. To our knowledge, the 47 cases in Table 1 accurately represent all published cases of intramedullary epidermoid cysts. Of the 47 patients in the literature (including our case), 27 were male and 20 female, with a male:female ratio of 1.35:1. The patients ranged in age from 3 to 71 years, with an average age of 34 years (Fig. 6) . The length of time between the onset of symptoms and diagnosis varied between 2 days and 53 years (average 6 years). In the last decade, with the wider use of modern diagnostic testing such as computerized tomography and MR imaging, the duration of symptoms at the time of diagnosis has been considerably reduced. The signs and symptoms are similar to those of a slowly progressive spinal cord tumor, and the lesion is often of considerable size, occupying two or more segments when discovered.
There are no reports of intramedullary epidermoid cysts arising in the cervical portion of the spinal cord. The most frequent site of these cysts is the thoracic region (31 of 47 cases), especially between T-5 and T-8 (Fig 7) . An association of intramedullary epidermoid cysts with defects of the overlying bone and skin is possible (Table 1, Cases 14, 15, 19, 36, and 39) , but is less frequent than in dermoid cysts or extramedullary epidermoid cysts. 26 A dermal sinus may cause attacks of bacterial meningitis in children, leading to an earlier discovery of an intramedullary epidermoid cyst/~ The association of intramedullary epidermoid cysts with other abnormalities of the spinal cord, such as diastematomyelia or syringomyelia, is rarely found in the literature.
Radiodiagnostic Studies
Plain spinal x-ray films may show evidence of longstanding intraspinal mass. Myelography is usually diagnostic for the location and the size of the tumor, but does not disclose its nature. Computerized tomography shows the topography, size, and density of epidermoid cysts and usually suggests the diagnosis. Epidermoid cysts are characterized by a homogeneous low-density lesion and well-defined limits; they usually do not enhance with contrast medium. Calcifications may be seen in these tumors.
The clinical presentation of intramedullary epidermoid cysts is not specific and MR imaging may provide the diagnosis. Recently, two reports of intramedullary epiclermoid cysts studied by MR imaging have been published.5'26 Epidermoid cysts are generally characterized on MR images by an important variability of signal intensity between the different cases and, at times, between the different parts of the same cyst; other features include the absence of edema in surrounding tissue, well-defined limits, and the presence of calcifications? ~ An intravenous injection of gadolinium demonstrates peripheral enhancement. The disparity in signal intensity most likely reflects variable lipid and protein composition in these lesions? 7
Treatment
The surgical approach to intramedullary tumors is described by Epstein and Wisoff. 9 The emptying of the cyst material is normally performed without difficulty; however, the thin capsule of the intramedullary epidermold cyst is usually tightly adherent to the surrounding cord tissue, which is reduced to a shell of a few millimeters in thickness. This intimate adherence of the capsule to the cord is confirmed by experimental work on animal models. Van Gilder and Schwartz 38 demonstrated that, in four rats with intramedullary implants of skin, the connective tissue of the cyst invaded the cord parenchyma locally. Most authors agree with Matson (quoted in Rand and Rand2S), who stressed the importance of not attempting total removal when the cyst capsule is intimately attached to the spinal cord or located within its confines. Attempts to remove the cyst wall completely under these circumstances are unnecessary and almost certainly lead to increased neurological deficit. It is thought that if as little as a single cell remains the patient is at risk for recurrence. The risk exists for a duration period equal to the patient's age at diagnosis plus 9 months. 2 Recurrence has been reported in the literature; 13'9' 34' 37 however, in most cases, even partial removal of the intramedullary epidermoid cyst resulted in a total remission of symptoms for a long period, enabling patients to enjoy good function. If symptoms recur, another operation might again relieve them.
Addendum
Since this paper was written, another case of intra-medullary epidermoid cyst has been published (Vallde B, Krifa H, Korbi S, et al: Tumeur 6pidermoide intram~dullaire D12-L1. Rapport d'un cas et revue de la litt6rature. Neurochirur~gie 37.'61-66, 1991) .
